Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 355 913 

A1 



© EUROPEAN PATENT APPLICATION 



<£) Application number: 89202086.8 © Int. CI. 4 . H01 L 21/316 , H01L 21/18 , 

H01L 21/306 , H01L 31/048 

@ Date of filing: 15.08.89 



® Priority: 16.08.88 NL 8802028 


© Applicant: N.V. Philips' Gloeilampenfabrieken 


Groenewoudseweg 1 


© Date of publication of application: 


NL-5621 BA Eindhoven(NL) 


28.02.90 Bulletin 90/09 


© Inventor: Biermann, Udo Klaus Paul 




© Designated Contracting States: 


c/o INT. OCTROOIBUREAU B.V. Prof. 


DEFRGBNL 


Holstlaan 6 




NL-5656 AA Eindhoven(NL) 




Inventor: Spierings, Gijsbertus Adrianus 




Cornelus Maria 




c/o INT. OCTROOIBUREAU B.V. Prof. 




Holstlaan 6 




NL-5656 AA Eindhoven(NL) 




Inventor: Van der Kruis, Franciscus Josephus 




Henri Maria 




C/O INT. OCTROOIBUREAU B.V. Prof. 




Holstlaan 6 




NL-5656 AA Eindhoven(NL) 




Inventor: Halsma, Jan 




c/o INT. OCTROOIBUREAU B.V. Prof. 




Holstlaan 6 




NL-5656 AA Eindhoven(NL) 




© Representative: Pennings, Johannes et al 




Internationaal Octrooibureau B.V. Prof. 




Holstlaan 6 




NL-5656 AA Elndhoven(NL) 



© Method of manufacturing a device. 



An optical device is manufactured by providing a 
^disc-shaped body of a light-conducting material on a 
CO plane surface of a disc-shaped carrier body, after 
J? which the light-conducting material is ground me- 
chanically to a thickness which exceeds the desired 
lO ultimate layer thickness by at least 50 urn, after 
JJ* which the light-conducting material is subjected to 
alternate tribochemical and mechanical polishing 
O treatments until a thickness is obtained which ex- 
^ceeds the desired ultimate layer thickness by ap- 
LU proximately 10 urn, and subsequently the light-con- 
ductor body is polished tribochemicaliy until the 
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Method of manufacturing a device. 



The invention relates to a method of manufac- 
turing a device, in which a layer of a light-conduct- 
ing material is applied to a plane surface of a disc- 
shaped carrier body. 

United States Patent Specification US 4285714 
describes a method in which a glass plate is con- 
nected to, for example, a semiconductor body by 
means of electrostatic bonding at a temperature in 
excess of the softening temperature of the glass. 
The electric potential applied amounts to approxi- 
mately 1000 V at a temperature from 450° to 800° 
C. In the bonding process, the parts to be intercon- 
nected are brought into contact with each other 
under pressure. 

The high temperature and the high electric 
voltage render this known method unsuitable for 
the manufacture of a device which prior to bonding 
is provided with active semiconductor elements 
which may be damaged in the bonding process. 
The method is also less suitable for the manufac- 
ture of an optical device in which it is desirable for 
the layer of light-conducting material to be com- 
pletely plane and plane-parallel, which is very dif- 
ficult to control at temperatures in excess of the 
softening temperature. Moreover, if a crystalline 
optical material or quartz glass is used in the 
optical device the softening temperature is so high 
that the known method cannot be applied. A layer 
of quartz glass can also be obtained by means of 
an alternative method, for example by means of 
chemical deposition from the vapour phase, how- 
ever, in this case it is difficult to obtain a layer of a 
sufficiently high optical quality. It would be possible 
to grow a layer of silicon dioxide on a silicon 
substrate by means of oxidation, but it is difficult to 
obtain a layer which has a sufficient thickness, for 
example, in excess of 10 um. 

It is an object of the invention to provide a 
method of manufacturing an optical device, with a 
wide choice of suitable substrates, in particular, a 
substrate which is provided with an electric or 
electronic device, for example a semiconductor de- 
vice. A further object of the invention is to provide 
a method by means of which a completely plane- 
parallel layer of a light-conducting material of high 
optical quality can be applied to a carrier body 
under conditions which do not adversely affect the 
quality of the light-conducting material nor the 
semiconductor elements, if any, in carrier body. 

According to the invention, this object is 
achieved by a method as described in the opening 
paragraph, which is characterized in that a carrier 
body is obtained having completely smooth and 



disc-shaped body which is composed of the light- 
conducting material is brought into contact with a 
main surface of the carrier body to form a perma- 
nent bond, after which the light-conductor body is 

5 ground mechanically to a thickness which exceeds 
the desired ultimate layer thickness by at least 50 
Jim, said body subsequently being subjected to 
alternate tribochemical and mechanical polishing 
treatments until a layer thickness is obtained which 

ro exceeds the desired final layer thickness by ap- 
proximately 10 um, after which the body is pol- 
ished tribochemically until the desired layer thick- 
ness of said light conductor body is attained. 

To provide, in particular r semiconductor bodies 

75 with a plane and smooth surface two types of 
processing techniques are commonly used. 

A first technique is purely mechanical (grinding 
or polishing with a loose grain), it enables a high 
precision as regards planeness, smoothness and 

20 parallelism to be attained. By means of this tech- 
nique, which can suitably be used to attain sub- 
micron precision, it is, however, impossible to pre- 
clude surface damage and crystal disturbance be- 
low the surface. In the case of a light conductor 

25 body in which optical waveguides must be formed 
surface damage and crystal disturbances are im- 
permissible. 

A second method of rendering a disc plane 
and smooth is a tribochemical or mechanochemical 

30 technique. By means of this method a surface is . 
obtained which is free from damage and crystal 
disturbances below the surface. However, the geo- 
metrical precision obtained by means of this tech- 
nique is relatively low, i.e., deviations in the range 

35 of a few microns occur. 

The invention provides a method by means of 
which a very high geometrical accuracy can be 
obtained, in particular as regards the planeness 
and parallelism of the main surfaces of the light- 

4o conductor layer (submicron precision), the surface 
being free from damage and crystal disturbances 
in the light-conductor layer being avoided. 

In a suitable embodiment of the method ac- 
cording to the invention, the carrier body is pro- 

45 vided with smooth, plane and parallel main sur- 
faces by temporarily connecting the carrier body to 
a support member having accurately plane and 
parallel main surfaces and a thickness which is at 
least 1/8 of the largest dimension of the carrier 

so body, after which, the free main surface of the 
carrier body is polished mechanically to a plane- 
ness of at least 0.5 um, subsequently the carrier 
body is detached from the support member and 
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surface of the carrier body is polished to a plane- 
ness of at least 0.5 urn and a parallelism between 
the main surfaces of at least 0.5 urn. The support 
member is preferably made of quartz glass. 

By virtue of the use of the support member 
having a sufficient thickness, the high geometrical 
precision regarding planeness and parallelism of 
the main surfaces of the carrier body can be at- 
tained. The mechanical polishing operation using a 
loose grain results in a high accuracy as regards 
dimension and shape. The occurrence of any cry- 
stal disturbances below the surface does not ad- 
versely affect the operation of the carrier body if 
there is a condition of stress equilibrium in the 
disc, which can be obtained by subjecting both 
main surfaces to the same treatment thereby 
avoiding warpage. 

After the light-conductor body is permanently 
bonded to the carrier body, the light-conductor 
body is made thin. By applying the method accord- 
ing to the invention, a high geometrical precision is 
obtained. This precision can predominantly be at- 
tributed to the mechanical grinding and polishing 
steps. Any crystal disturbances are removed by 
means of tribochemical polishing, without appre- 
ciably affecting the precision. By combining these 
techniques, an optimum geometrical precision and 
a surface free from disturbances is obtained, the 
final light-conductor layer having a very uniform 
thickness. 

In a particular embodiment of the method ac- 
cording to the invention, the light-conductor body is 
made of a transparent crystalline material, for ex- 
ample lithium niobate LiNb03. potassium titanate 
phosphate KTiOPO*. gadolinium gallium garnet or 
other synthetic garnets or garnet compositions. 

In another suitable embodiment of the method 
according to the invention, the light conductor body 
is made of quartz glass which is very suitable for 
the manufacture of an optical device. Other types 
of glass may alternatively be used for this purpose, 
for example types of glass which by means of an 
exchange of alkali metal ions or ion implantation 
can be provided with refractive index gradients in 
accordance with a pattern to form waveguides. The 
type of glass must be selected such that the coeffi- 
cient of thermal expansion does not differ too much 
from that of the carrier material. Suitable methods 
of manufacturing an optical device in a glass sub- 
strate are described in the non-prepublished Neth- 
erlands Patent Application NL 8701478 and in Eu- 
ropean Patent Application EP 225558. 

The method according to the invention makes 
it possible to provide the light conductor body, 
prior to bonding, with optical elements on the side 
of the main surface to be bonded, after which the 
main surface is planarized. 

In a particular embodiment- of the method ac- 



cording to the invention, in which the optical device 
is bonded to an electric or zlectronic device, the 
carrier body is made of a material having semicon- 
ducting properties. For this purpose, for example, 
5 Si, Ge, GaAs and InP can suitably be used. 

Prior to bonding, the carrier body is preferably 
provided with active semiconductor elements at 
least on the side of the main surface to be bonded, 
and the main surface is planarized. 
70 A particularly strong bond between the carrier 
body and the light conductor body is obtained 
when the conductor body is provided with a silicon 
oxide layer on the main surface to be bonded to 
the light-conductor body. 
75 In the unprepublished Netherlands Patent Ap- 
plication NL 800953, a description is given of a 
method in which a thin layer of a semiconductor 
material is applied to a carrier body in a manner 
which is similar to the method of the invention. If 
20 desired, the carrier body may consist of quartz 
glass, but waveguides for the manufacture of an 
optical device cannot be provided. 

Examplary embodiments of the invention will 
be explained in greater detail with reference to the 
25 accompanying drawing, in which 

Fig. 1a-d diagrammatically shows a number 
of steps in the method according to the invention. 

Fig. 1 a shows a support member 1 on which a 
carrier body 2 is secured which is to be subjected 
30 • to further processing. The support member 1 pref- 
erably consists of quartz glass. Quartz glass bodies 
can be obtained in types having a high geometrical 
precision; the main surfaces are very accurately 
parallel to each other and are perfectly plane. The 
35 thickness of the support member 1 amounts to at 
least 1/8 of the largest dimension of the carrier 
body 2; the carrier body is mostly in the form of a 
cylindrical disc. By virtue of the relatively large 
thickness of the support member, its shape will not 
40 be subject to changes during the processing of the 
carrier body 2. 

The carrier body 2, which is composed of 
silicon in the present example, is bonded to the 
support member, preferably, by means of cement 
4S If grooves 3 having a small depth are formed in the 
support member, the majority of the cement will be 
introduced into the grooves 3 when the carrier 
body is pressed onto the support member. The 
cement, which may be composed of, for example, 
so bee's wax and a filler (AI2O3 or CaCOa) may be 
provided in a hot condition. On cooling, the cement 
shrinks and pulls the carrier body tightly against 
the support member, if necessary, some pressure 
is applied to the carrier body during the cooling of 
55 the cement. 

The carrier body can also be connected to the 
support member in another manner. For example, 
an annular groove can be formed in the upper 
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surface of the support member, the diameter of 
which groove is somewhat smaller than the diam- 
eter of the carrier body and the perpendicular 
section of which amounts to only a few microm- 
eters. The annular groove can be vacuum exhaust- 
ed via an internal duct in the support member. 

The carrier body 2 may consist of a commer- 
cially available semiconductor disc comprising one 
or two polished main surfaces. The planeness of 
these discs and the parallelism of the main sur- 
faces does not meet the requirements necessary to 
attain microprecision. 

A first step in the method according to the 
invention consists in obtaining a carrier body 2 
having completely smooth and plane main surfaces 
which are also completely parallel to each other. 
The carrier body 2 is secured to the support mem- 
ber through one of its main surfaces, for example 
in the above manner as shown in Fig. 1a. Subse- 
quently, the other main surface is polished me- 
chanically. The mechanical polishing operation is 
carried out, for example, by means of CC-AI2O3 
powder in water on a substrate which is composed 
of pitch. In this pre-polishing operation the grain 
size of the a-AI 2 03 powder may be 0.3 urn. Post- 
polishing may be carried out using fl-AlaOa powder 
having a grain size of 0.05 urn. In all, approxi- 
mately, 10 to 25 urn is polished; the polished main 
surface obtained is completely parallel to the sup- 
port surface. 

The polished main surface is attached to the 
support member after the carrier body has been 
detached from the support member, and the other 
main surface is polished in a similar manner. After 
this treatment, a carrier body is obtained having 
parallel main surfaces; the variation in thickness 
over the entire carrier body having a diameter of, 
for example, 10 cm is less than 0.5 urn. The 
smoothness is such that deviations from the aver- 
age value are smaller than 5 nm, preferably smaller 
than 0.5 nm. 

Fig. 1b shows the support member 1 and the 
carrier body 2 connected thereto, which carrier 
body is connected to a light-conductor body having 
a thickness of, for example, 0.5 mm and a diameter 
of 10 cm. The light conductor disc 4 is rigidly 
connected to the carrier body through one of its 
main surfaces. The main surfaces to be intercon- 
nected must be completely clean and dust-free. 
The main surfaces are interconnected, preferably, 
by means of wringing. This is a van der Waals' 
bond which is brought about by dipoles of both 
surfaces. An example hereof is described in Eu- 
ropean Patent Application EP 209173. 

Next, the light-conductor disc 4 has to be 
made thin, see Fig. 1c, until a small thickness is 
attained whixh is accurately equal all over the light- 



bances below the final surface. Subsequently, a 
mechanical grinding operation is carried out until a 
thickness of, for example, 60 urn is attained. In this 
manner, a surface is obtained which meets high 

5 geometrical precision demands. In order to obtain 
this high degree of accuracy, the mechanical grind- 
ing operation is carried out by means of, for exam- 
pie, silicon carbide grains in an aqueous solution. 
At this stage, the susurface is damaged. The depth 

10 of damage depends on the grains used and may 
be 25 urn. 

in a next step, the surface damage is removed 
by means of tribochemical polishing. Tribochemical 
polishing is carried out using, for example, SiOs 

15 grains having an average grain size of 30 nm in a 
NaOH solution having a pH value between 10 and 
11. The polishing pressure may be, for example, 
from 300 to 500 g/cm 2 . After polishing to approxi- 
mately the depth of damage a thickness of, for 

20 example, 30 urn is attained. The surface is free 
from damage but the geometrical precision has 
been adversely affected. The deviation from par- 
allelism is, for example, 1 um or slightly more. 
Subsequently, another mechanical treatment is 

25 carried out, but this consists in a polishing method 
which causes very little surface damage. In this 
process, the depth of damage is maximally 5 um. 
This fine-polishing process can be carried out by 
means of polishing powder CeCfe having a grain 

30 size from 0.5 to 1 nm in an aqueous solution. A 
polishing chemotextjle, for example, known under 
the tradename PAN-W may be used as a sub- 
strate; a pressure from 100 to 150 g/cm 2 is exerted 
and the operation is preferably carried out in a 

35 rotating manner on a double-eccentric polishing 
machine with a rotation difference of 25%. This 
fine-polishing operation by means of which a very 
high geometrical precision is attained can be con- 
tinued until the thickness of the light-conductor disc 

40 is approximately 15 um. 

The final polishing phase is carried out 
tribochemically, in a manner similar to that de- 
scribed above, until the light conductor layer has a 
thickness of, for example, 10 jxm. Due to the small 

45 reduction material the geometrical precision is not 
influenced substantially. 

In principle, it does not matter which polishing 
step comes first. By virtue of the mechanical steps 
a high geometrical precision is obtained; the final 

so polishing step is a tribochemical one in which the 
surface damage is completely removed. When 
hard materials are used there is little surface dam- 
age and the order of the polishing steps is less 
important and, if desirable, the final polishing step 

55 may be a mechanical one. 

The carrier with the thin light conductor disc is 
subsequently detached from the support member. 
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conductor body (see Fig 1d) in which optical cir- 
cuits can be manufactured is obtained. For clarity, 
the thickness dimensions are not drawn to scale. 

Within the scope of the invention, variants of 
the example described hereinabove are possible. 
The thickness of the support member is at least 1/8 
of the diameter of the carrier body. In practice, it 
has been found that a ratio of 1/4 is very favoura- 
ble. The temporary fixation of the carrier body is 
preferably carried out in the manner indicated, but 
may alternatively be realised in another way. 

Contrary to what has been described 
hereinabove, the permanent fixation of the light- 
conductor body to the carrier body may alter- 
natively be carried out by means of the carrier 
body which has been detached from the support 
member. In this case, the wringing operation can 
be more readily mechanized. Prior to thinning the 
light conductor disc the combination must, how- 
ever, be reconnected to the support member. This 
operation of relocating the combination on the sup- 
port member must be carried out with a high 
degree of precision. 

By virtue of the mechanical polishing process 
the carrier body has a high degree of geometrical 
precision. If desired, the damage to the carrier 
body caused by the polishing process can also be 
removed by means of a tribochemical treatment. 

The carrier body may be provided already with 
active electronic elements or electronic circuits, for 
example for light detection. A main surface may be 
pianarized* such that wringing on the light-conduc- 
tor body is possible. If necessary, the main surface 
to be connected may be covered with a layer of 
thermal S\Oz to improve the bonding to the quartz 
glass. 

Prior to wringing, the light-conductor body may 
be provided already with passive or active 
waveguides. After wringing, the device may be 
kept at a high temperature for some time to im- 
prove the bond. The occurrence of stresses in the 
light conductor layer may be counteracted by split- 
ting the optical layer into smaller portions by etch- 
ing tracks so as to form islands. 

The thickness of the light conductor layer may 
be, for example, from 0.1 to 100 urn, and it prefer- 
ably ranges from 5 to 15 urn. This layer thickness 
is too large to be obtained by means of growing 
silicon oxide, but it is too small to be provided 
directly in the desired thickness by applying a 
glass foil. 

If desired, the light-conductor layer may be 
manufactured from an optically active material, for 
example crystalline transparent materials such as 
lithium niobate, gadolinium gallium garnet and oth- 
er synthetic garnets or garnet compositions, in 
which waveguide structures can be formed both 
before and after wringing and polishing. 



The optical device manufactured according to 
the invention may be used, for example, to couple 
a light conductor to a semiconductor laser or a 
sensor, or it may be used for transmitting signals 
5 or for combining optical and electronic devices in 
another manner. 

Claims 

10 

1. A method of manufacturing a device, in 
which a layer of a light-conducting material is ap- 
plied to a plane surface of a disc-shaped carrier 
body, characterized in that a carrier body is ob- 

/5 tained having completely smooth and plane main 
surfaces which are completely parallel to each oth- 
er, after which a plane main surface of a disc- 
shaped body which is composed of the light-con- 
ducting material is brought into contact with a main 

20 surface of the carrier body to form a permanent 
bond, after which the light-conductor body is 
ground mechanically to a thickness which exceeds 
the desired ultimate layer thickness by at least 50 
urn, said body subsequently being subjected to 

25 alternate tribochemical and mechanical polishing 
treatments until a Jayer thickness is obtained which 
exceeds the desired ultimate layer thickness by 
approximately 10 M-m, after which the body is pol- 
ished tribochemically until the desired layer thick- 

30 ness of said light-conductor body is obtained. 

2. A method as claimed in Claim 1. character- 
ized in that the carrier body is provided with 
smooth, plane and parallel main surfaces by tem- 
porarily connecting the carrier body to a support 

35 member having accurately plane and parallel main 
surfaces, and a thickness which is at least 1/8 of 
the largest dimension of the carrier body, after 
which the free main surface of the carrier body is 
polished mechanically to a planeness of at least 

40 0.5 urn, subsequently the carrier body is detached 
from the support member and the polished main 
surface is temporarily connected to the support 
member, after which the other main surface of the 
carrier body is polished to a planeness of at least 

45 0.5 urn, and a parallelism between the main sur- 
faces of at least 0.5 tun. 

3. A method as claimed in Claim 2, character- 
ized in that the support member is made of quartz 
glass. 

so 4. A method as claimed in any one of the 
Claims 1 up to and including 3, characterized in 
that the light conductor body is made of a transpar- 
ent crystalline material. 

5. A method as claimed in any one of the 
55 Claims 1 up to and including 3, characterized in 

that the light conductor body is made of quartz 
glass. 

6. A method as claimed in Claim 4 or 5, 
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characterized in that prior to bonding, the light 
conductor body is provided with optical elements 
on the side of the main surface to be bonded, and 
the main surface is planarized. 

7. A method as claimed in any one of the 5 
Claims 1 up to and including 6, characterized in 

that the carrier body is made of a material having 
semiconducting properties. 

8. A method as ciaimed in Claim 7, character- 
ized in that prior to bonding, the carrier body is w 
provided with active semiconductor elements on 

the side of the main surface to be bonded, and the 
main surface is planarized. 

9. A method as claimed in Claim 7 or 8, 
characterized in that the carrier body is provided is 
with a silicon oxide layer on the main surface which 

is to be bonded to the light-conductor body. 
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